Index funds aim to deliver the returns and the risk of the underlying benchmark index.
Theoretically, the management of index portfolios is straightforward and requires the passive portfolio manager to invest in all index constituent securities in the exact same proportions as the underlying benchmark (known as a 'full replication' strategy). However Chiang [1998] highlights that in reality an index fund cannot guarantee their performance will be identical to the benchmark index (before costs). The existence of tracking error in performance arises because an index represents a mathematical calculation derived from a portfolio of securities that are not subject to the same market frictions faced by index mutual fund managers. Therefore, if the composition of the underlying index changes, the benchmark assumes the theoretical portfolio's new weights to each stock can be achieved instantaneously and without cost. However, index fund managers are indeed required to engage in physical trading of stocks within the index in order to re-align the portfolio with the underlying benchmark. Market frictions therefore give rise to tracking error, and performance differentials must be minimized to ensure an index fund's objectives are not significantly compromised.
Tracking error in index fund performance can be decomposed into two components -an endogenous component arising from an open-end index fund's replication of the underlying index and an exogenous component that arises given changes in the constituents of the underlying benchmark. This research extends Frino and Gallagher [2002] by examining exogenous factors that drive index mutual fund tracking error. The exogenous factors are defined as any change impacting on the S&P 500 Index Divisor, which ultimately requires index portfolio rebalancing. In particular, this study examines four exogenous determinants; revisions in S&P 500 index composition, share issuances, share repurchases and spin-offs. The study also examines two related factors that are associated with index maintenance rules -the treatment of dividends by the index and implicit transaction costs (measured by the bid-ask spread) that are incurred when changes arise in the Index Divisor.
The focus of this study is important for a wide range of audiences, however the three most important participants are index fund managers, index providers and investors utilising passively managed investment offerings. Firstly, index fund managers should be aware of the determinants of tracking error, and indeed the likely impact of changes reflected in the Index Divisor which arise from time-to-time. Secondly, this research directly addresses the index management process instituted by the index provider, and especially how an Index Committee can have significant influence on a seemingly routine re-balancing process. In the case examined in the paper, the S&P Index Committee's decisions include all corporate actions (takeovers and mergers, share issuances, repurchases, spin-offs, rights issues, dividend payments) and assessment of the guidelines in determining whether stocks are added or removed from the S&P 500. Thirdly, the study provides S&P 500 index fund investors with knowledge of the most significant drivers of tracking error, as well as highlighting the challenges facing managers that seek to track benchmarks at low cost.
INSTITUTIONAL DETAILS AND THE S&P 500 INDEX
This study investigates the impact of S&P 500 Index Divisor adjustments on S&P 500 index mutual fund tracking error. The choice of the S&P 500 Index as the subject index for this study is predominantly driven by the magnitude of assets benchmarked to the index, both by open-end index mutual funds and exchange traded funds (Standard and Poor's Depositary Receipts, also known as Spiders).
1
Responsibility for decisions concerning the S&P 500 Index rests with the S&P Index Committee.
The principal task of the Committee is the maintenance of the Index Divisor -in particular, the impact of corporate actions and additions/deletions on the individual stock weights comprising the S&P 500. Exhibit 1 summarizes the types of maintenance adjustments performed by the Committee and Exhibit 2 outlines the general guidelines of S&P 500 stock additions and deletions.
<INSERT EXHIBIT 1 ABOUT HERE> <INSERT EXHIBIT 2. ABOUT HERE> The S&P 500 Index is calculated using a base-weighted aggregate methodology, with 1941-43 as the base period. The market value of all stocks listed during the base period is set to equal an indexed value of 10. Therefore, the level of the Index reflects the total market value of all stocks listed in the S&P 500 Index relative to the base period. The S&P 500 Index Divisor preserves the link between the current Index value and the original base period value. Hence, the daily S&P 500
Index is calculated by dividing the total market value of all 500 companies with the latest Index 
The measures of monthly tracking error are obtained for 119 S&P 500 index mutual funds for the five-year period between January 1994 and December 1999 using the Morningstar Principia Pro CD-ROM. The sample represents 4,960 monthly index fund performance observations and total net assets at December 1999 is $US109.33 billion.
3 Following the approach of Frino and Gallagher [2001] , the five-year sample period is selected in order to maximise the number of funds included in the sample as well as providing a reasonable length of the evaluation horizon. However, this study is not confined to examining funds that exist for the full five-year sample period and only includes surviving funds. 4 Additionally, the Vanguard 500 index mutual fund is excluded due to its significant size ($US104.65 billion at December 1999), and to avoid any potential bias given the uniqueness of this large investment vehicle. 5 Exhibit 3 reports the descriptive statistics of the sample of index mutual funds utilized in the study.
<INSERT EXHIBIT 3 ABOUT HERE>
Morningstar Inc. reports returns after management fees, administration and 12b-1 fees, and other asset-based costs, but excludes brokerage costs. The index mutual fund returns are then adjusted with historical fund expenses ratios in order to approximate the index funds' gross return.
Information and returns for the underlying S&P 500 index is sourced from Datastream and S&P 500 Directories (1994 Directories ( -1999 . Stock information such as the bid-ask spread is extracted from the Trading and Quote (TAQ) database. With the exception of the index returns and bid-ask spread, all other information is reported on a monthly basis. In order to ensure consistency, the index returns and bid-ask spread are aggregated on a monthly basis.
A number of tracking error measures are documented by Roll [1992] , Pope and Yadav [1994] and Larsen and Resnick [1998] . This study concentrates on two measures of tracking error. 
The second method of tracking error estimation is derived from the absolute value of the residuals of a returns regression ( 2, p TE ). The returns on the index fund portfolio (R p,t ) is regressed against the returns on the benchmark index (R b,t ).
Due to the passive strategy implemented, index funds beta risk is generally close to that of the market, i.e. a beta of 1. Given that this study includes all funds that are listed in the sample period, young funds that are established during the sample period are also incorporated.
The tracking error measures TE 1,p and TE 2,p encompass both time-series and cross-sectional aspects of index mutual fund tracking error. The cross-sectional aspects of tracking error include factors such as the difference in fund size and the replication strategy adopted. This study also examines the exogenous component of tracking error after controlling for the cross-sectional variation. This is achieved by standardizing the TE 1,p and TE 2,p measures as follows: (7) seasonality is important, given the seasonal pattern in tracking error documented by Frino and Gallagher [2001] .
RESULTS
This section presents the empirical findings of tracking error determinants that are associated with changes in the S&P 500 Index Divisor. 6 Overall, the results presented in Exhibit 4 indeed confirm that changes in the S&P 500 index composition, and associated changes in the Divisor, are significant determinants of index fund tracking error. Index revisions, |∆MV|, is found to be positive and significant across all four specifications of tracking error. 7 In addition, share issuance (SI) is also found to be a positive and significant. According to Exhibit 3, these two variables cause the largest impact (by market value and frequency) for Index Divisor changes over the entire period, and indicates that portfolio rebalancing by index funds induces tracking error. Spin-offs (SO) in the period required relatively smaller adjustments to the Divisor, and Exhibit 4 reveals that all models yield positive coefficients, however, only the standardized tracking error specifications (TE 3,p and TE 4,p ) are statistically significant. Share repurchases (SR) is found to be negatively related to tracking error for three of the four models, and TE 3,p and TE 4,p are both statistically significant.
While the finding for SR is perplexing, this variable is the smallest component (measured by size and frequency as reported by Exhibit 3) of all maintenance adjustments undertaken by the S&P Index Committee.
<INSERT EXHIBIT 4. ABOUT HERE>
The remaining determinants of tracking error include two exogenous factors that are expected to drive tracking error (bid-ask spread and dividends). The proxy for implicit transaction costs (BAS) associated with securities trading reveals positive coefficients for three of the four specifications, however the majority are statistically insignificant. The coefficient for dividends (DIV) is found to be both positive and significant across all models. This indicates that the treatment of dividends by the Index (and the possible delays in the fund receiving cash) induces tracking error in performance.
While the Australian findings of Frino and Gallagher [2002] indicate that dividends are not significant drivers of tracking error, there are differences in the treatment of dividends between the S&P 500 and S&P/ASX All Ordinaries Index. Australian index managers also seek to minimise the delays in receipt of dividend payments through active participation in dividend re-investment plans (DRPs).
The model also includes two fund-specific dummy variables (replication strategy and net asset size) that captures the cross-sectional variation of our sample. Index funds that implement a fullreplication strategy (DR) are found to have significantly lower tracking error for TE 1,p and TE 2,p . This is consistent with the Australian evidence reported by Frino and Gallagher [2002] . The insignificant DR coefficients for both standardized measures (TE 3,p and TE 4,p ) arise because these models control for the cross-sectional variation across funds. Exhibit 4 also reveals that tracking error is significantly lower for large index funds (DS) according to TE 2,p , where large funds are defined as above median. Recognizing that tracking error might also be determined according to the level of a fund's net assets, we also examined the sensitivity of exogenous factors based on fund size (results not reported directly). The full sample was partitioned into quartiles based on net asset size and tests were performed for the largest quartile and smallest fund quartiles. The evidence revealed findings consistent with the results reported in Exhibit 4, however the models for the larger fund sample provided improved explanatory power, measured by the coefficient of determination (or adjusted R 2 ). The average adjusted R 2 of large and small funds was 21.8 percent and 8.2 percent, respectively.
In terms of seasonality of tracking error, an evaluation across calendar months indicates a very similar pattern as reported by Frino and Gallagher [2001] . They document tracking error being highest in May, lowest in the month of June, and quarterly troughs in tracking error for March, June, September and December. In terms of the model specifications for tracking error presented in Exhibit 4, the evidence does suggest tracking error is significantly higher in January, April, May,
July and significantly lower in December. The reasons for this phenomenon are unclear, however future research should examine the causes of season patterns in tracking error.
CONCLUSIONS
This study examines the exogenous determinants of tracking error in S&P 500 Index funds that arise from amendments to the Index Divisor. The research also considers the effect of transaction costs in trading and the treatment of dividends by S&P 500 index. The research is of significant importance to the investment industry, in particular Index Committees, investors, and mutual fund managers. In better understanding the drivers of tracking error, market participants can more easily identify the implications that maintenance procedures to an Index might have for index-mimicking portfolios. Tracking error is found to be significantly related to index revisions, share issuances, 
